obJective Identification of language areas using functional brain mapping is sometimes impossible using current methods but essential to preserve language function in patients with gliomas located within or near the frontal language area (FLA). However, the factors that influence the failure to detect language areas have not been elucidated. The present study evaluated the difficulty in identifying the FLA in dominant-side frontal gliomas that involve the pars triangularis (PT) to determine the factors that influenced failed positive language mapping. methods Awake craniotomy was performed on 301 patients from April 2000 to October 2013 at Tokyo Women's Medical University. Recurrent cases were excluded, and patients were also excluded if motor mapping indicated their glioma was in or around the motor area on the dominant or nondominant side. Eighty-two consecutive cases of primary frontal glioma on the dominant side were analyzed for the present study. MRI was used for all patients to evaluate whether tumors involved the PT and to perform language functional mapping with a bipolar electrical stimulator. Eighteen of 82 patients (mean age 39 ± 13 years) had tumors that showed involvement of the PT, and the detailed characteristics of these 18 patients were examined. results The FLA could not be identified with intraoperative brain mapping in 14 (17%) of 82 patients; 11 (79%) of these 14 patients had a tumor involving the PT. The negative response rate in language mapping was only 5% in patients without involvement of the PT, whereas this rate was 61% in patients with involvement of the PT. Univariate analyses showed no significant correlation between identification of the FLA and sex, age, histology, or WHO grade. However, failure to identify the FLA was significantly correlated with involvement of the PT (p < 0.0001). Similarly, multivariate analyses with the logistic regression model showed that only involvement of the PT was significantly correlated with failure to identify the FLA (p < 0.0001). In 18 patients whose tumors involved the PT, only 1 patient had mild preoperative dysphasia. One week after surgery, language function worsened in 4 (22%) of 18 patients. Six months after surgery, 1 (5.6%) of 18 patients had a persistent mild speech deficit. The mean extent of resection was 90% ± 7.1%. coNclusioNs Identification of the FLA can be difficult in patients with frontal gliomas on the dominant side that involve the PT, but the positive mapping rate of the FLA was 95% in patients without involvement of the PT. These findings are useful for establishing a positive mapping strategy for patients undergoing awake craniotomy for the treatment of frontal gliomas on the dominant side. Thoroughly positive language mapping with subcortical electrical stimulation should be performed in patients without involvement of the PT. More careful continuous neurological monitoring combined with subcortical electrical stimulation is needed when removing dominant-side frontal gliomas that involve the PT.
R esection of frontal gliomas on the dominant side that are located within or in close proximity to the frontal language area (FLA) as found by cortical stimulation in the frontal lobe represents a significant challenge. To minimize the risk of permanent postoperative speech dysfunction, detailed localization of the FLA is critical. The most effective and precise method is direct functional brain mapping using electrical stimulation during an awake craniotomy. 8, 18, 24, 25, 33, 34 However, we sometimes encounter patients whose eloquent language area cannot be located with intraoperative mapping. Sanai et al. reported a series of 250 patients who underwent intraoperative language mapping and stated that the language sites in only 58% of patients were successfully located. 33 The authors proposed that a tailored craniotomy permits gliomas to be aggressively resected if stimulation with an intensity of 6 mA (using a bipolar electrode, 60 Hz, square wave) elicits no speech arrest or delay. This technique is called a "negative mapping strategy." Surprisingly, they reported that only 1.6% of surviving patients had a persistent language deficit. However, this strategy was employed in an experienced facility. A negative response in language mapping does not fully prevent postoperative persistent deterioration of speech function, which is observed after surgery in 9%-14.3% of such cases. 5, 18 Of note, a "negative response" means "attempted positive mapping has failed. " We postulated that the use of a "positive mapping strategy," meaning that the tumor is removed after identifying the language areas with a large craniotomy, is ideal and recommended. This is especially true in less experienced facilities because detecting the language area allows the surgeon to plan the resection area with more confidence. 30 Therefore, determining the factors that influence the failure to detect language areas is important. However, little has been reported about these factors. We empirically speculated that the tumor location is associated with a result of a negative response in language mapping and that identification of the FLA in particular can be difficult with frontal gliomas on the dominant side that involve the pars triangularis (PT). The PT is bordered superiorly by the inferior frontal sulcus, inferiorly by the anterior horizontal ramus, and caudally by the anterior ascending ramus and part of the posterior ramus of the sylvian fissure.
14 The PT cytoarchitectonically belongs to Broca's area and has been implicated in various aspects of linguistic functioning. We studied 82 consecutive patients with frontal gliomas on the dominant side who underwent an awake craniotomy and intraoperative cortical mapping to identify the FLA. The aim of the present study was to evaluate whether tumor location involving the PT was correlated with a negative response in language mapping to elucidate a factor that influences the failure of positive mapping.
methods patients and preoperative evaluation
Awake craniotomy was performed in 301 patients from April 2000 to October 2013 at Tokyo Women's Medical University. Of these cases, we included 82 consecutive cases of primary frontal glioma on the dominant side. We excluded recurrent cases, and patients were also excluded if motor mapping indicated their glioma was in or around the motor area on the dominant or nondominant side. Eleven of the 82 patients were included from a previous study 19 because the observation period of the present study overlapped with that of the previous one (from June 2007 to October 2009). An intracarotid amobarbital test revealed that the left cerebral hemisphere was language dominant in 79 of 82 patients, and the right side was dominant for language function in 3 patients. In all cases, the diagnosis was based on multimodal MRI, which included pre-and postcontrast T1-weighted, T2-weighted, FLAIR, and diffusion-weighted images. Using MR images, we evaluated whether the tumors involved the PT. We identified the PT as the area that was bordered superiorly by the inferior frontal sulcus, inferiorly by the anterior horizontal ramus, and caudally by the anterior ascending ramus and part of the posterior ramus of the sylvian fissure. Of 82 patients, the tumors in 18 patients (9 men and 9 women, mean age 39 ± 13 years) involved the PT, and we examined the detailed clinical characteristics of these 18 patients. The study protocol was approved by the Ethics Committee of the Tokyo Women's Medical University, and each patient provided informed consent before surgery.
surgery
Surgery was performed according to the previously described concept of information-guided brain tumor removal, with the goal of maximal possible resection of the tumor with minimal risk of permanent postoperative neurological complications. 22, 23, 35 Intraoperative MRI (AIRIS II; Hitachi Medical Corporation), updated neuronavigation, comprehensive neurophysiological monitoring, and detailed histopathological characterization of the resected tissue obtained at various stages of the procedure were used routinely. Surgery was generally performed with maximal possible removal of the contrast-enhanced area that was visualized on T1-weighted MRI for high-grade tumors and hyperintense areas on T2-weighted MRI for low-grade tumors. Histopathological diagnosis of tumors was based on the current criteria of the World Health Organization. 21 
intraoperative brain mapping
In all patients, tumor removal was performed during an awake craniotomy with a large bone flap and was guided by a "positive mapping strategy" of the cortical language areas and subcortical structures. 32 These procedures followed the established guidelines of the Japan Awake Surgery Conference. 17 Prior to surgery, the patients were familiarized with the tasks used during intraoperative language mapping.
For intraoperative brain mapping, electrical stimulation of the cortex was applied with repetitive, square-wave, biphasic currents of alternating polarity (pulse width 0.2 msec, frequency 50 Hz, duration 1-2 seconds) using an Ojemann cortical stimulator (OCS-1, Integra Radionics, Inc.) and a bipolar electrode with an interpolar distance of 5 mm and a tip diameter of 1 mm. The stimulation was performed in a systematic manner, every 8 to 10 mm along the cortical surface. A continuous digital electrocorticogram was monitored to detect seizures and after-discharges. The stimulus intensity was increased steadily from 2 mA using stepwise increments of 1 mA until an effect was attained or abnormalities on electrocorticogram were noted. The maximum stimulus intensity was 8 mA (biphasic current 16 mA).
For demonstration of the language assessment tasks to the patient, the dedicated intraoperative examination monitor for awake craniotomy 38 was used, which allows realtime visualization, integration, and recording of a wide spectrum of data, including a view of the patient's face during the response, the type of test provided, the position of the cortical stimulator in the surgical field, etc. Cortical stimulation immediately preceded the task presentation for the patient and continued until the completion of each task presentation (1-2 seconds). 17 Language-related areas of the cerebral cortex were defined when their stimulation consistently interrupted, disturbed, or slowed the ability of the patient to name the pictured object, pronounce a familiar written Japanese word, and/or generate an action verb during demonstration of the picture task in the absence of seizures, after-discharges, and positive and negative motor responses of the tongue. To confirm reproducible results, each cortical area was stimulated at least 3 times, but never twice in succession. The eloquent cortical areas were delineated with a surgical pen upon completion of mapping. Removal of the tumor was accompanied by subcortical stimulation through the resection cavity and was intended to identify the language pathways. The devices used for this purpose and the parameters of stimulation, including the intensity, were similar to those used for cortical mapping. 17 During the entire procedure, while the patient was awake, constant monitoring of the patient's spontaneous speech was achieved through continuous conversation with a member of the treatment team who specialized in language functioning and who provided specific tasks for evaluation of recall, counting, fluency, and comprehension.
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postoperative evaluation
The extent of resection was assessed with MRI performed within 48 hours of surgery. For semiautomatic volumetry to evaluate the extent of resection in the present study, we used 3D Slicer 4.0, which is freely downloadable from the website http://www.slicer.org. 13 In enhanced tumors, we calculated the extent of resection using the contrast-enhanced area, and we used hyperintense areas on T2-weighted images in nonenhanced tumors. The initial evaluation of speech function was performed after the patient awoke from anesthesia and subsequently on a daily basis until discharge from the hospital. Thereafter, all patients were followed regularly in the outpatient clinic by the attending neurosurgeon.
statistical analysis
Correlations between the presence of involvement of the PT and patient characteristics (sex, histology, and identification of the FLA) were calculated by using the chi-square test. Additionally, correlations between the presence of involvement of the PT and other patient characteristics (age and extent of resection) were calculated by using the independent-samples t-test. Associations between the identification of the FLA and patient characteristics (sex, age, histology, WHO grade, and involvement of the PT) were calculated by using the chi-square test. Multivariate logistic regression analysis was used to explore the relationships between identification of the FLA and these variables. Statistical significance was defined as p < 0.05.
results
Awake craniotomy was successfully performed in all 82 patients with a primary frontal glioma on the dominant side. The tumors of 18 patients involved the PT, but those of 64 patients did not. The demographics of the patient population, histology, identification of the FLA, and mean extent of resection by volumetry are shown in Table 1 . Of all patients, the FLA could not be identified with intraoperative brain mapping in 14 patients (17%). Additionally, 11 (79%) of these 14 patients had tumors that involved the PT. The negative response rate in language mapping was only 5% in patients without involvement of the PT (positive mapping rate was 95%), and this rate was 61% in patients with involvement of the PT (positive mapping rate was 39%). The locations of the FLA are shown in Fig. 1 . The FLAs were not identified on the PT in patients with involvement of the PT and were most frequently detected on the pars opercularis ( Fig. 1A and B) . The FLAs of patients without involvement of the PT were frequently identified on the PT and the pars opercularis ( Fig. 1C and D) .
Univariate analyses showed no significant correlation between identification of the FLA and sex, age, histology, or WHO grade (Table 2) , whereas failure to identify the FLA was significantly correlated with involvement of the PT (p < 0.0001). Similarly, multivariate analyses with the logistic regression model showed that only involvement of the PT was significantly correlated with failure to identify the FLA (p < 0.0001) (Table 3) . Consequently, identification of the FLA was significantly difficult in frontal gliomas on the dominant side that involved the PT. Detailed clinical characteristics of the 18 patients with primary frontal gliomas on the dominant side are shown in Table 4 . An intracarotid amobarbital test revealed that the left cerebral hemisphere was language dominant in 17 of 18 patients and that the right side was dominant for language function in only 1 patient (Case 18). Only 1 patient (Case 4) had mild dysphasia before surgery. In 11 (61%) of 18 patients, the FLA could not be identified (negative response in language mapping). One week after surgery, language function worsened in 4 (22%) of 18 patients. Six months after surgery, 1 (5.6%) of 18 patients had a persistent mild speech deficit. The mean extent of resection by volumetry was 90% ± 7.1%.
representative cases
Case 7
A 19-year-old woman presented with generalized seizures. She had no other neurological symptoms, and her preoperative speech function was normal. MRI showed that the tumor was located in the left insula and inferior frontal gyrus and involved the PT. The tumor had a hypointense signal and partial enhancement with contrast medium on T1-weighted imaging, and a hyperintense signal on T2-weighted imaging ( Fig. 2A ). An intracarotid amobarbital test revealed that the left cerebral hemisphere was language dominant. Tumor removal was performed during an awake craniotomy. Electrical stimulations for intraoperative brain mapping could not identify the FLA on the exposed brain cortex. We removed the tumor under the guidance of cortical and subcortical stimulation for language functional mapping with constant monitoring of the patient's spontaneous speech. No language dysfunction was noted during removal of the tumor. However, during removal of the deep part of the insular tumor, transcortical motor-evoked potentials decreased to < 60% of preremoval amplitude and spontaneous movement of the patient's right hand worsened slightly. Therefore, we stopped the resection. The patient had no language dysfunction immediately after surgery. Postoperative MRI revealed 90% resection of the tumor (Fig. 2B) , and the histopathological diagnosis was an anaplastic oligodendroglioma. Her speech function was normal 1 week and 6 months after surgery. 
Case 16
A 32-year-old man experienced generalized seizures. He had no other neurological symptoms or signs, and his preoperative speech function was normal. MRI showed a tumor centered in the left inferior and middle frontal gyrus that involved the PT. The tumor had a hypointense signal, nonenhancement with contrast medium on T1-weighted imaging, and a hyperintense signal on T2-weighted imaging (Fig. 2C ). An intracarotid amobarbital test revealed that the left cerebral hemisphere was language dominant. Tumor removal was performed during an awake craniotomy. Electrical stimulations for intraoperative brain mapping could not identify the FLA on the exposed brain cortex including the tumor surface. We removed the tumor under the guidance of cortical and subcortical stimulation for language functional mapping with constant monitoring of the patient's spontaneous speech. The area of speech arrest was recorded during the task of naming and verb generation (4, 6, and 8 mA, 50 Hz) with subcortical stimulation of the cavity after the anterior part of the tumor was extirpated. This area caused not only speech arrest but also perseveration in the verb generation task. During removal of the posterior part of the tumor, the patient demonstrated speech arrest, and subcortical stimulation (4 and 6 mA) on the profound resection cavity elicited speech arrest. Therefore, we stopped additional resection. The patient had mild motor aphasia immediately after surgery. Postoperative MRI revealed 90% resection of the tumor (Fig. 2D) , and the histopathological diagnosis was an oligoastrocytoma. His speech function recovered 1 week after surgery and was normal at 6 months after surgery.
Case 18
An intracranial mass lesion was incidentally discovered in a 25-year-old man. He had no neurological symptoms, and his preoperative speech function was normal. MRI showed that the tumor was mainly located in the corpus callosum and the right inferior frontal gyrus and involved the PT. The tumor had a hypointense signal, nonenhancement with contrast medium on T1-weighted imaging, and a hyperintense signal on T2-weighted imaging (Fig. 2E ). An intracarotid amobarbital test revealed that the right cerebral hemisphere was language dominant. Tumor removal was performed during an awake craniotomy. Electrical stimulations for intraoperative brain mapping could not identify the FLA on the exposed brain cortex including the tumor surface. We removed the tumor under the guidance of cortical and subcortical stimulation for language functional mapping with constant monitoring of the patient's spontaneous speech. No speech arrest was noted during removal of the tumor. The tumor in the corpus callosum partially extended to the contralateral frontal lobe. To preserve higher brain function, we did not remove the contralaterally extended part of the tumor. The patient did not experience speech disorder immediately after surgery. Postoperative MRI revealed 95% resection of the tumor (Fig. 2F) , and the histopathological diagnosis was an oligodendroglioma. His speech function was normal 1 week and 6 months after surgery.
discussion
Results of the present study indicate that tumor location involving the PT is significantly correlated with a negative response in language mapping. The FLA could not be identified in only 3 (5%) of 64 patients with a frontal glioma on the dominant side without involvement of the PT, whereas a negative response for the FLA was observed in 11 (61%) of 18 patients with involvement of the PT. Several reports have demonstrated the incidence of negative cortical mapping for language areas. Sanai et al. reported a series of 250 patients who underwent language mapping during a tailored craniotomy (tumor plus adjacent areas) and a negative response for the language area in 42%. 33 Furthermore, in many patients (up to 40%), frontal lobe speech arrest sites could not be identified in their series. In a series of 309 patients, Kim et al. failed to identify the motor speech areas in 105 (39%) of 273 procedures during a tailored craniotomy. 18 Recently, Chacko et al. described 21 (31%) of 67 patients in whom eloquent areas were not identified. 5 On the other hand, in a series of 60 patients, Duffau et al. described no cases of negative mapping including in 14 patients who underwent mapping for the speech center. 11 In contrast to tailored craniotomy, as described above, they performed a large craniotomy with cortical stimulation to identify language sites. Compared with these reports, the tumors that involved the PT in the present study had a higher incidence of a negative response in language mapping.
The frontal operculum is a relevant language area in the dominant hemisphere. 25 Several reports have demonstrated surgical treatment for gliomas in the frontal opercular region. 2, 25, 27 Most recently, Rolston et al. analyzed 43 cases of gliomas involving the dominant side of the frontal operculum, 27 where each tumor was classified as involving the pars orbitalis, PT, pars opercularis, or a combination of some or all of these areas. An awake craniotomy was performed in 32 patients of 43 patients, and 11 patients underwent tumor removal surgery under general anesthesia. From cortical mapping results, 9 (56%) of 16 patients without postoperative deficits had no positive speech sites compared with 8 (62%) of 13 patients with a postoperative language deficit in whom positive language areas could not be identified. Each rate (56% and 62%) is higher compared with the rate of a negative response in language mapping of 42% in their largest study, 33 and was equivalent to our rate for frontal gliomas involving the PT. These results also suggest that tumor localization involving the frontal operculum is associated with a negative response in language mapping.
Brodmann's areas 45 (PT) and 44 (pars opercularis) cytoarchitectonically belong to Broca's area 1 and are believed to be correlated with speech expression. However, several language cortical mapping studies during awake craniotomy in patients with glioma demonstrated a high degree of variety in frontal language eloquent sites, such as the lower region of the precentral gyrus, the pars orbitalis, and the dorsal premotor cortex. 2, 25, 26 Additionally, several reports have indicated that patients with gliomas that involve the frontal operculum do not necessarily show preoperative language dysfunction.
2,25,27 Duffau et al. have postulated that this mechanism of functional reshaping, called "brain plasticity," may be the result of the recruitment of perilesional areas or even the contralateral cortex. Such functional reorganization was demonstrated in several neurofunctional imaging [2] [3] [4] 20, 36 and intraoperative cortical mapping studies. 9, 10, 12, 30, 31 On the other hand, our group previously reported the results of a preoperative functional MRI study with the picture-sentence matching task in 21 patients with left frontal glioma. 19 We aimed to show how normally existing syntax-related networks are functionally reorganized by a lesion. The patients were divided into 3 groups: patients with a glioma in the lateral premotor cortex (n = 7), opercular/triangular regions (n = 7), and other frontal regions (n = 7). Furthermore, we recruited 7 normal agematched participants for functional MRI experiments. The modulation of activation in the other frontal regions group was exactly replicated in the normal group. In contrast, we found dramatic changes in the activation patterns in the table 4. summary of clinical characteristics in 18 patients with frontal glioma on the dominant side that involved the pt opercular/triangular regions and lateral premotor cortex groups, which were accompanied by abnormal overactivity and/or underactivity in the syntax-related regions. Strikingly, in the opercular/triangular regions group, activation was absent in all left frontal regions. These data may be related to the results of the negative response in language mapping in the patients with left frontal gliomas that involved the PT in the present study.
Why is the rate of a negative response in language mapping different depending on the involvement of the PT? In the present study, the FLA was identified in all 14 patients whose tumor involved the pars opercularis but not the PT (data not shown). Cytoarchitectonic differences in neuronal densities have also been reported in the frontal operculum. Based on cytoarchitectonic differences, Chawluk et al. suggested that the pars opercularis is more suited to unimodal motor processing, such as articulation. However, the PT receives modality-specific input and then performs cross-modal associations, which are required for performing complex linguistic functions. 6 Furthermore, in 3 righthanded patients with epilepsy, Sahin et al. investigated neuronal activity using intracranial electrophysiology by recording local field potentials from populations of neurons using depth electrodes implanted in language-related brain regions while patients read words (nouns and verbs) verbatim or grammatically inflected them (present/past, singular/plural). They found that neighboring probes within the PT revealed distinct neuronal activity for lexical (approximately 200 msec), grammatical (approximately 320 msec), and phonological (approximately 450 msec) processing. These findings suggest that the PT plays an important role in the functional language network. 29 Therefore, we assume that drastic functional language reorganization (neuroplasticity) occurs when a tumor invades the PT. Neuroplasticity is conceivable only in a dynamic, not static, view of brain organization. 9, 10 We speculate that neuroplasticity proceeds in stages and that scattered incomplete functional language relocalization occurs before neuroplasticity is completed. Stimulation with a bipolar probe creates an electrical field in which the current density is homogenous, and the electric field lines between both tips are nearly parallel. 34 Therefore, in the present study, scattered localized language areas may not have been detected with the limited bipolar electrical stimulation performed in the 11 patients with tumors that involved the PT. Additionally, a cortical response is produced by a charge density that is sufficient to trigger action potentials in the affected tissue. We applied a maximum stimulus intensity of 8 mA (biphasic current 16 mA) during awake craniotomy, and this intensity may be insufficient to trigger action potentials. Strategies to increase the applied charge density have improved the sensitivity. However, with increasing current density, the potential for tissue injury increases. 16 Given these considerations, one possibility is that 11 of the 18 patients with a frontal glioma on the dominant side that involved the PT had incomplete FLA reorganization with scattered localization, whereas the FLAs of the other 7 patients had been sufficiently reorganized.
We used a "positive mapping strategy" with a large craniotomy, similar to the strategy of Duffau's group. 7 Indeed, the rate of a negative response in language mapping was only 5% in patients without involvement of the PT in the present study. However, Sanai et al. reported that tailored craniotomies, even without localization of positive language sites, permit gliomas to be aggressively resected (negative mapping strategy). 33 Similarly, Kim et al. pro- posed that a negative response in eloquent areas provides a safe margin for resection, with a lower incidence of postoperative neurological deficits. 18 However, one should bear in mind that this strategy was employed in an experienced facility. A negative response in language mapping does not fully prevent persistent postoperative deterioration of speech function. 5, 18 More recently, Chacko et al. described a series of 67 patients who underwent awake craniotomy and reported that 14 patients (20.8%) failed to elicit electrophysiological responses despite the fact that the tumors were located near the eloquent area. 5 In this group, 3 patients (21%) developed intraoperative deficits. We believe that the use of the "positive mapping strategy" has a lower risk of permanent language deficits and is recommended in less experienced facilities. In the present study, we found that identification of the FLA can be difficult in frontal gliomas on the dominant side that involved the PT. However, 1 week after surgery, language function worsened in 4 patients (22%), and only 1 patient (5.6%) had a persistent mild speech deficit in this group. Our findings are very useful for the "positive mapping strategy" during an awake craniotomy in patients with frontal gliomas on the dominant side. Considering these findings, we should thoroughly perform language cortical mapping in patients whose tumors do not involve the PT, and use the "positive mapping strategy" including subcortical electrical stimulation to preserve language function. More careful continuous neurological monitoring combined with subcortical electrical stimulation is needed when removing frontal gliomas on the dominant side that involve the PT in patients in whom the FLA cannot be identified. This is because the majority of persistent neurological deficits after awake craniotomy for glioma removal are related to injury to eloquent subcortical structures 37 that can be identified with intraoperative electrical stimulation. When a continuous language deficit is observed or subcortical stimulation elicits a reproducible, intraoperative speech arrest, we should stop additional resection to avoid persistent language dysfunction.
The present study has some limitations. First, although a preoperative functional MRI study is useful for identification of the FLA with high sensitivity and specificity, 15, 28 we did not perform this study in all patients. Therefore, we observed no direct correlation between brain cortical mapping results and activated sites on functional MRI. Further investigation aiming to directly correlate image findings with brain mapping results will strengthen our hypothesis that identification of the FLA can be difficult in frontal gliomas on the dominant side that involve the PT. Second, our study was conducted at a single institution and was retrospective. Furthermore, a clear reason for the absence of positive language sites in patients with tumors that involve the PT has not been identified. Our observations need to be reproduced and validated. Therefore, additional prospective and multiinstitutional studies including neurofunctional imaging analyses are needed.
conclusions
We demonstrated that identification of the FLA can be difficult in frontal gliomas on the dominant side that involve the PT. Conversely, the positive mapping rate of the FLA was 95% in patients with tumors that did not involve the PT. Our findings are useful for the "positive mapping strategy" during an awake craniotomy in patients with frontal gliomas on the dominant side. Given these findings, we should thoroughly perform language cortical mapping and use the "positive mapping strategy" in patients whose tumors do not involve the PT. More careful continuous neurological monitoring combined with subcortical electrical stimulation is needed when removing frontal gliomas on the dominant side that involve the PT in patients in whom the FLA cannot be identified. Further prospective studies combining neurofunctional imaging analyses such as functional MRI are essential to fully evaluate the reorganization of language function in patients with frontal gliomas on the dominant side that involve the PT. 
